Abstract -The hydrodynamical characteristics of the area south of Cyprus in the Levantine Sea were examined in late summer 1995 and in spring 1996. Analysis of the CTD data collected, provided a new dynamic picture of the Cyprus Basin and revealed the existence of the Cyprus Basin cyclonic eddy. The latter circulated to the south of Cyprus and exhibited marked seasonality. Production of Levantine Intermediate Water in the area of the latter eddy occurred. Occasionally, between the Cyprus Basin cyclonic eddy and the southern coast of Cyprus a warm current, the Cyprus coastal current appears t:o intrude from the east. In late summer 1995, the spatial fluctuations of the mid-Mediterranean jet, the main current of the Eastern Mediterranean Sea, caused the splitting of the Cyprus Basin cyclonic eddy, into two smaller cyclonic ones. During spring 1996, however, the Cyprus Basin cyclonic eddy appears as a single large vortex, occupying the greater part of the area south of Cyprus, and flanked to the south by the Cyprus anticyclonic eddy. 0 Elsevier, Paris
INTRODUCTION
The Levantine Basin constitutes the second largest basin in the Mediterranean Sea and communicates with the Aegean Sea via the Eastern Cretan Arc Straits, and with the rest of Mediterranean through the Cretan passage (see inset map infigure I). The general features of the hydrology and circulation of the Levantine basin have been broadly known for some time (see, inter alia [3, 7, 111) . During the last djecade and mainly within the framework of P.0.E.M (Physical Oceanography of the Eastern Mediterranean) a more detailed picture of water mass distribution and circulation has emerged [ 13, 161. However, little is known of the area south of Cyprus (,&uue I), which delineates our study area. The main features of the bottom topography of the latter are the elevations of Eratoshenes seamount (700 m) and the Hecateus Ridge (400 m), and the depressions of Cyprus (1900 m) and Lattakia (1500 m) basins @gure la).
In summer, the surface layer in the Levantine Sea is dominated by the saline (39.30) and warm (>25 'C; [ll] Levantine Surface Water (LSW). The latter disappears in winter, whereas it is warmer and saline (19.5 'C; 39.10) in spring [15] . Thle LSW spreads westwards from the Levantine Basin and enters the Cretan Sea through the eastern straits of the Cretan Arc, extending northwards as far as the North Afegean Sea, where its interaction with the less saline (32-34) Black Sea Water (BSW) creates a quasi-permanent frontal zone [23, [ll, 13, 161 and to the south by the mid-Mediterranean jet, which is a continuation of the eastward flowing North African current. The Rhodos gyre extends westwards near Crete in winter, whilst it is restricted eastwards in summer, thereby generating a secondary eddy centre west of Cyprus [12] . Another important feature in the vicinity of the study area is the large scale anticyclonic Shikmona gyre in the south-eastern part of the Levantine Basin, consisting of a number of eddies [13] , the northernmost of which, located south of Cyprus at about 34" N, constitutes the Cyprus eddy [3] .
In this paper CTD data, collected within the framework of Cyprus Basin Oceanography (CYBO) Project, are used in conjunction with remote sensing images to describe the water mass circulation in the area south of Cyprus and adjacent regions during late summer 1995 and in spring 1996, and thus contribute to a better understanding of their regional oceanography.
MATERIALS AND METHODS
During the late summer 1995 cruise, CTD data were acquired on board M/V TRITON on a closely spaced (about 10 km) grid of 80 stations in the area south of Cyprus, between 22 September and 16 October 1995 (CYBO-1). A coarser grid was employed in the offshore parts of the study area figure Ib). The observations were made using the Sea Bird Electronics (SBE9/11) CTD profiler. The measurements were taken at a rate of 24 scans se1 and they were averaged in situ over 1 s intervals. Prior to the cruise, the conductivity and temperature CTD sensors were calibrated at the Sea Bird Metrology Laboratory. To minimize the effects of salinity spikes, the raw data were filtered through a forward and backward low pass filter. An interpolation scheme was used to obtain values at various nominal depths. During the subsequent processing the data were subjected to objective analysis. This mathematical technique for the spatial interpolation of irregularly spaced in situ observations (temperature, salinity, dynamic height) was based on the successive correlation scheme employed by Levitus [6] . This scheme does not differ significantly from the method based on the statistical interpolation with an isotropic homogeneous correlation [3, 51 . The maps of the geostrophic current vectors have been constructed by the employment of the dynamic method using 750 m as a reference level, which is considered reasonable for the area under study. A modified Helland-Hansen-Somov method [2] has been used to extrapolate the dynamic heights at shallower stations. This method assumes an infinitely deep sea of quiescent water below the surface layer.
During the spring 1996 cruise, the CTD data were acquired on board of M/V SENTINEL on a closelyspaced grid of 80 stations, between 6 and 13 May 1996. This grid, however, covered a broader area than that of CYBO-1, (figure Zb). All other procedures regarding sampling, salinity despiking, data interpolation and analysis were similar to those of CYBO-1.
Remote sensing satellite data corresponding to the two sampling periods were acquired from the Royal Netherlands Meteorological Institute NOAA-AVHRR receiving station. The composite images (night time and early morning passes) cover the most part of the Eastern Mediterranean Sea. After the initial data processing, the split 6. ZODIATIS et al.
window technique was applied to the data in order to define the actual SST. infrared image corresponding to the cruise. A sharp thermal front is evident (/@ure 30) due to the encounter of these two surface waters. To the north of Heacateus Ridge, less saline and relatively cool water is surrounded by more saline and relatively warmer waters (figures 3a, 3b), thereby indicating cyclonic activity. A similar feature is also evident in the area of Cyprus Basin depression, indicating the occurrence of the Cyprus Basin cyclonic eddy. 
Circulation
The summer surface circulation pattern reveals @gure 7~) the presence of: (i) two cyclonic eddies, one to the north of Hecateus Ridge, and another in the Cyprus Basin, confirming their inferrence above; (ii) the midMediterranean jet, which dominates in the southernmost part of the study area, and (iii) the Cyprus Coastal current, which flows westward to the north of the Cyprus Basin cyclonic eddy. The latter flow transfers warm and saline waters from Lattakia Basin along the southern coastline of Cyprus.
The high rates of net water loss due to evaporation from the Levantine Basin is balanced by the water inflow of the mid-Mediterranean jet, The latter exhibited during CYBO-1 average speeds between 20-25 crn.s-' and reached a maximum speed of 40 cm.s-t. The eastward meandering movement of the mid-Mediterranean jet transfers subsurface MAW and LIW from the western Levantine basin to the study area. To the southwest of Cyprus, a relatively weak branch of the mid-Mediterranean jet bifurcates northwards, subsequently turning to the northwest along the southwestern coast of Cyprus (figure 7a). This latter flow encircles rhe eastern periphery of the Rhodos gyre.
The Cyprus Basin cyclonic eddy appears to be generated by the interaction between the opposing flows of midMediterranean jet and the Cyprus Coastal current. In contrast, the bifurcation of the mid-Mediterranean jet to the southwest of the Hecataeus Ridge is possibly due to horizontal baroclinic instability, whilst the effect of the morphology of the area seems to be responsible for the formation of the Hecataeus cyclonic eddy activity.
At intermediate depths (50 and 100 m) the flow patterns appear to be weakened (~5 cm.s-') when compared to that of the surface cfigures 7b, 7~). Moreover, the northward bifurcation of the mid-Mediterranean jet southwest of Cyprus is restricted to the upper 50 m layer cfigure 7b). Below this level the mid-Mediterranean jet retains its eastward flow without any deflection tj?gwe 7~). Also, at the latter level, a shift of the Hecataeus cyclonic eddy to the south, and the presence between the two cyclonic eddies of a smallscale anticyclonic eddy are evident ( figure 7~ ). The latter figure demonstrates also the advection of the LIW by the mid-Mediterranean jet into the study area.
Spring 1996
3.2.1. Hydrology
The composite 8-S diagram, based on all spring data collected @guve 8) reveals the presence of the same four water masses: LSW, MAW, LIW and DW, identified in summer 1995. However, during this period, the MAW is hardly discernible as a subsurface salinity minimum, presumably due to mixing processes. The easternmost extension of the Rhodos gyre can be seen ( figure 12~ ) to the west of Cyprus, as a large scale but weak cyclonic activity. To the north of the latter, an intensification of the current occurs, due to the interaction of the Asia Minor Current with the detached westward branch of the mid-Mediterranean jet. Similar, although weakened, dynamic conditions prevailed in this area in late summer 1995 @gui-e 7u).
In the southeastern part of the study area, and to the south of the meandering mid-Mediterranean jet occurs the Cyprus anticyclonic eddy, which is the northernmost warm core eddy of the Shikmona gyre. The Cyprus anticyclonic eddy, whose influence extends to depths of about 400 m, constitutes the most intense (30-35 cm.s-') and dominant dynamic feature in spring 1996. Moreover, this eddy plays a significant role in the formation and spreading of the LIW generated in the area south of the Cyprus Basin cyclonic eddy.
The subsurface figure 12b ) and intermediate ( figure 12~ ) circulation patterns are both similar to that of the surface, with two exceptions: west of Cyprus and also in the area of the Cyprus Basin cyclonic eddy the flows are somewhat weaker; whereas between the Cyprus Basin cyclonic eddy and the Cyprus anticyclonic eddy the opposite holds.
An interesting feature of the spring 1996 circulation figure 12) was the absence of the Cyprus Coastal Cur- rent. It 'was well developed in late summer 1995 figure 7), and its disappearance is presumably due to the marked seasonality of the general circulation. Specifically, in spring 1996, no intrusion of the western part of the Lattakia cyclonic eddy in the area southeast of Cyprus took place. Hence, the Cyprus Coastal Current appears to be a semi-permanent local flow feature. Indeed, this current was identified only in the summer NOAA-AVHRR thermal images.
CONCLUSIONS
By combining the above results we show in $guve 13 schematic qualitative circulation patterns for the two periods. An important finding is the occurrence of the Cyprus Basin cyclonic eddy circulating in the southeastern areas of Cyprus and in the Hecataeus Ridge. The eddy centre was idemified as a well developed thermohaline dome, due to the cooling and mixing processes of last winter. The latter oceanographic phenomenology contributes to the sinking of dense water, formed at the surface of the eddy, along the isopycnals down to 400-500 m, thereby leading to local LIW formation. Another important dynamic feature in the area southwestward of Cyprus is 
